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Abstract
Background and Objectives
Cerebrovascular manifestations in neurosarcoidosis (NS) were previously considered rare but
are being increasingly recognized. We report our preliminary experience in patients with NS
who underwent high-resolution vessel wall imaging (VWI).
Methods
A total of 13 consecutive patients with NS underwent VWI. Images were analyzed by 2
neuroradiologists in consensus. The assessment included segment-wise evaluation of largerand medium-sized vessels (internal carotid artery, M1-M3 middle cerebral artery; A1-A3 anterior cerebral artery; V4 segments of vertebral arteries; basilar artery; and P1-P3 posterior
cerebral artery), lenticulostriate perforator vessels, and medullary and deep cerebral veins.
Cortical veins were not assessed due to ﬂow-related artifacts. Brain biopsy ﬁndings were
available in 6 cases and were also reviewed.
Results
Mean patient age was 54.9 years (33–71 years) with an M:F of 8:5. Mean duration between
initial diagnosis and VWI study was 18 months. Overall, 9/13 (69%) patients had vascular
abnormalities. Circumferential large vessel enhancement was seen in 3/13 (23%) patients,
whereas perforator vessel involvement was seen in 6/13 (46%) patients. Medullary and deep
vein involvement was also seen in 6/13 patients. In addition, 7/13 (54%) patients had
microhemorrhages in susceptibility-weighted imaging, and 4/13 (31%) had chronic infarcts.
On biopsy, 5/6 cases showed perivascular granulomas with vessel wall involvement in all 5
cases.
Discussion
Our preliminary ﬁndings suggest that involvement of intracranial vascular structures may be a
common ﬁnding in patients with NS and should be routinely looked for. These ﬁndings appear
concordant with previously reported autopsy literature and need to be validated on a larger
scale.
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Glossary
AZA = azathioprine; CAD = coronary artery disease; CNE = cranial nerve enhancement; DM-2 = type 2 diabetes; DWI =
diﬀusion-weighted imaging; EE = ependymal enhancement; FLAIR = ﬂuid-attenuated inversion recovery; HC =
hydrocephalus; HL = hyperlipidemia; HT = hypertension; INX = inﬂiximab; LME = leptomeningeal enhancement; LSP =
lenticulostriate perforator; MMF = mycophenolate mofetil; MinIP = minimum intensity projection; MTX = methotrexate;
NEWM = nonenhancing white matter; NS = neurosarcoidosis; NT = not tested; PGE = parenchymal granulomatous
enhancement; PME = pachymeningeal enhancement; PVE = perivascular enhancement; RTX = rituximab; SPACE = sampling
perfection with application-optimized contrasts using diﬀerent ﬂip angle evolution; SWI = susceptibility-weighted imaging;
VWI = vessel wall imaging; FSR = Foundation of Sarcoidosis Research.

Sarcoidosis is an inﬂammatory, granulomatous disease that
most commonly aﬀects the lungs followed by lymph nodes
and skin.1-3 Involvement of the CNS referred to as neurosarcoidosis (NS) is seen in about 5% of sarcoid patients with
neurologic manifestations and about 15% of patients on
imaging.2,4 Although common manifestations of NS such as
meningitis, cranial nerve enhancement, parenchymal granulomatous involvement, and nonenhancing white matter
(NEWM) lesions have been frequently reported, both the
clinical and imaging manifestations of cerebrovascular involvement have remained less well described.1,4,5 Traditionally, these were felt to be present in 1%–2% of patients with
NS.6-8 This was likely an underrepresentation secondary to
multiple contributory factors such as absence of more sensitive, high-resolution sequences and absence of dedicated
imaging review.4,5,9 More recently, involvement of the medullary veins on susceptibility-weighted imaging (SWI) and a
relatively high proportion of cerebral infarcts (presumably
secondary to underlying vasculitic/vasculopathic process)
have been described and raise important questions about the
extent and distribution of vascular involvement in patients
with NS.9,10 Herein, we describe our preliminary ﬁndings of
high-resolution black-blood imaging, also referred to as vessel
wall imaging (VWI) in a series of 13 patients with NS.

Methods
Standard Protocol Approvals, Registrations,
and Patient Consents
This is a retrospective, institutional review board-approved
study performed in a tertiary care setting. Some of the patients
were scanned as part of another ongoing prospective study
sponsored by the Foundation of Sarcoidosis Research (FSR)
and were consented for the study. In patients who were not
involved in the FSR study, individual consent was waived for
the retrospective analysis by the local institutional review board.
Patient Selection
There were a total of 13 consecutive patients with NS who
underwent VWI between July 2018 and June 2020. Because
recent studies have shown a higher prevalence of cerebrovascular events in NS,4,9 our institutional protocol was modiﬁed to
include VWI in all patients with NS. None of the imaged
patients in the current cohort, however, were imaged for
2

suspected vasculitis or infarct. Of the patients who underwent
imaging, 5 patients had deﬁnite NS, 6 had probable NS, and 2
had possible NS, both as deﬁned under the Zajicek criteria and
the recently proposed criteria by the NS consortium consensus
group.11,12 Regardless of the category (deﬁnite, probable, or
possible), the clinical presentation and diagnostic evaluation
must be suggestive of NS, as deﬁned by the clinical manifestations and MRI, CSF, and/or nerve conduction study ﬁndings
typical of granulomatous nervous system inﬂammation along
with rigorous exclusion of other causes.12 In addition, patients
with deﬁnite NS must have neural tissue pathologic conﬁrmation of granulomatous inﬂammation, whereas those in the
probable category require pathologic conﬁrmation of systemic
granulomatous disease. Patients categorized as possible NS do
not have pathologic tissue diagnosis, but the clinical and diagnostic evaluation is suggestive of NS.
Data Acquisition and Analysis
All patients were scanned on a 3T magnet using a uniform
protocol consisting of 3D T1W SPACE (sampling perfection
with application-optimized contrasts using diﬀerent ﬂip angle
evolution) sequence obtained pre- and post-contrast (in
sagittal orientation), 3D T2W SPACE through the basal
ganglia region, 3D ﬂuid-attenuated inversion recovery
(FLAIR), axial SWI, and diﬀusion-weighted imaging (DWI).
The isotropic VWI was obtained at a voxel size of 0.63 mm3.
The sequence parameters for all sequences are provided in
eFigure 1, links.lww.com/NXI/A542.
The acquired data were analyzed by 2 staﬀ neuroradiologists
in consensus using a prespeciﬁed template for data collection.
Data were collected separately for large arterial vessels, arterial
perforators, medullary veins, and caudate veins. Data on larger
vessels (deﬁned as supraclinoid internal carotid artery, A1-A3
anterior cerebral artery, M1-M3 middle cerebral artery, vertebral and basilar arteries, and P1-P3 posterior cerebral artery)
included a segment-wise analysis of wall enhancement characteristics. Atherosclerotic involvement of intracranial vessels
is generally more eccentric and more common at branch
points. Vasculitic or inﬂammatory involvement, on the other
hand, is more likely to be circumferential.13 For the current
study, vascular involvement was considered to be present
when there was circumferential wall enhancement or obvious
involvement of the vessel wall by extravascular enhancement.
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Arterial perforators were categorized as abnormal if they were
visibly tortuous or reached up to the subependymal region.
Only the lenticulostriate perforator vessels were assessed
because these are within the resolution limits of clinical VWI
sequences. Perivascular enhancement (PVE) was deﬁned as
the presence of linear intraparenchymal enhancement either
along a lumen or along the expected course of an arterial/
venous structure. Medullary veins were categorized as abnormal if they were tortuous and visibly abnormal on both T1
WI and SWIs. The assessment of the cortical and deep veins
was technically the most challenging because these may show
enhancement secondary to slow ﬂow and a higher proportion
of vasa vasorum in the vessel wall.14,15 These were therefore
not included in the analysis. Nonvascular manifestations of
NS, such as meningeal enhancement, NEWM lesions, cranial
nerve involvement, ependymal and pituitary involvement and
hydrocephalus, were also assessed, both on the VWI-MRI and
the initial standard MRI at the time of diagnosis.
In addition, data were collected on the time between initial
diagnosis and VWI-MRI and overall clinical status since diagnosis (improved, stable, or worse). Additional data on
cardiovascular risk factors at the time of initial diagnosis (diabetes, smoking, hypercholesterolemia, and hypertension)
were also collected. In patients who had a brain biopsy
available, the pathologic ﬁndings were reviewed by a neuropathologist for vascular involvement. Because the purpose of
the study was to evaluate the spectrum of imaging ﬁndings in
patients with NS, only descriptive statistics were used.
Data Availability
The anonymized data will be shared by the lead author on
request from any qualiﬁed investigator.

Results
The 13 patients included 8 men and 5 women with a mean age of
54.9 years at presentation (range 33–71 years, SD 13 years). The
median time interval between the presentation and the VWI study
was 18 months (range: 10 days–83 months). Seven patients had
concomitant pulmonary involvement. All patients had evidence of
systemic disease, except for 2 patients who had isolated CNS
involvement. Table 1 lists the presenting symptoms/signs as well
as the CSF ﬁndings, treatment, and clinical status between presentation and time of VWI study. Nine patients showed clinical
improvement, whereas 2 were stable and 1 was worse between the
initial diagnosis and time of VWI study. The mean number of
cardiovascular risk factors was 1.3 per patient, with hypertension
being the most common, seen in 9/13 patients.
In terms of vascular involvement, 3/13 patients showed evidence of large vessel involvement. The involvement was circumferential in 2 patients and secondary to involvement by
the surrounding meningeal process in 1 patient (Figure 1).
Involvement of the lenticulostriate perforators was seen in 6/
13 patients, generally manifesting as dilated or tortuous
Neurology.org/NN

vessels (Figure 2). The involvement was unilateral in 2 patients and bilateral in 4/6 patients.
Tortuous and prominent medullary veins were noted in 5/13
patients (Figure 3). These were often asymmetrically involved
both in terms of number of dilated vessels and prominence.
Involvement of the medullary veins was most frequently seen
in the frontal and parietal regions, although similar ﬁndings in
the temporal lobes were also noted in a few patients. Similarly,
involvement of the longitudinal and transverse caudate veins
was seen in 6/13 patients and was present in all patients who
had involvement of the medullary veins. In total, there were 9
patients who had some form of vascular involvement, either
arterial or venous, on the VWI study.
Besides the vascular ﬁndings, microhemorrhages were present
in 7/13 patients, including all 6 patients with parenchymal
venous involvement. Chronic infarcts were noted in 4/13
patients. There were no patients with acute infarcts at the time
of the VWI study. eTable 2, links.lww.com/NXI/A543, shows
the frequency of various imaging ﬁndings at initial presentation and at the time of VWI study. The apparent increase
in PVE despite therapy and clinical improvement is likely due
to the high imaging resolution (slice thickness of 0.6 mm on
VWI study compared with 5 mm on index study), leading to
improved recognition. Leptomeningeal involvement, dural
involvement, and cranial nerve enhancement were more likely
to show improvement with therapy. NEWM lesions on the
other hand showed slight interval worsening during the same
time period. Table 2 shows the imaging ﬁndings in individual
patients at the time of initial diagnosis as well as the vascular
ﬁndings on the subsequent MRI study. When treating all
imaging manifestations (e.g., NEWM and PVE) as binary
variables (present/absent), patients with positive VWI ﬁndings tended to have more imaging manifestations (4/patient)
compared with those without any VWI ﬁndings (2.2/patient,
Table 2). However, we did not ﬁnd any signiﬁcant diﬀerences
between individual imaging manifestations between those
with and without VWI ﬁndings.
Of the 6 patients whose brain biopsy slides were reviewed, 5
had non-necrotizing granulomatous inﬂammation, whereas 1
showed lymphoplasmacytic inﬂammation with scattered histiocytes. Granulomas were seen in a perivascular distribution
with heterogeneous vessel wall involvement that ranged from
partial to transmural without evidence of ﬁbrinoid necrosis of
the vessel walls. Four patients had arteriolar wall involvement,
whereas 1 patient had both arteriolar and peri-venular involvement (eFigure 1, links.lww.com/NXI/A542; eTable 3,
links.lww.com/NXI/A543). There was no evidence of betaamyloid deposition within vessel walls.

Discussion
Vascular manifestations in NS are likely more common than
previously reported. These may involve both large and smaller
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Table 1 Patient Demographics, Presentations, CSF Analysis, Treatment Summary, and Clinical Outcomes of the Patients With Vessel Wall Imaging
Age (yrs)
at onset
and sex

Presenting signs and symptoms

Associated neurologic
symptoms

Relevant history

CSF total
nucleated
cells
(differential)

CSF
protein/
glucose

Biopsy
site

Treatment

Clinical
outcome

65 (lymphs)

219/31

Brain

Steroid taper then MTX

Improved

Neurology.org/NN

P01 48/F

Parenchymal hemorrhages,
seizures, meningitis, and HPA axis
involvement (diabetes insipidus)

Encephalopathy, headache, and
syncope

HL

P02 61/F

Cranial neuropathies

Vertigo, ptosis, and dysarthria

DM-2, HT, HL, CAD, migraine NT
headache, and history of
endometrial cancer

NT/NT

Lymph
node

Steroid taper
Improved
Trials of
MTX—leflunomide—hydroxychloroquine—MMF

P03 55/F

Parenchymal lesions and cranial
neuropathies

Aphasia, hemiparesis, and
encephalopathy

DM-2 and HT

8 (traumatic
puncture)

65/54

Brain

Steroid taper (weaned)
MTX + INX (ongoing)

P04 71/F

Meningitis and vasculitis

Headache, ischemic stroke, and
paraparesis

HT, history of enterovirus
meningitis

26 (lymphs)

82/69

Skin
and
brain

High-dose steroids for 5 d.
Improved
Trials of RTX—MMF (stopped due to side effects)

P05 66/M

Myelopathy, brainstem syndrome,
and meningitis

Diplopia, vertigo, gait
disturbance, and
encephalopathy

HT

29 (lymphs)

114/68

Brain

Steroid taper (weaned)
MTX + INX (ongoing)

Improved

P06 71/M

Cystic mass lesion

Headache and visual field
deficits

HT, HL, and glaucoma

NT

NT/NT

Brain

Steroid taper

Stable

P07 60/M

Myelopathy

Hemiparesthesias and neck pain DM-2, HT, HL, CAD, history
of gastric cancer, and DVT/
PE

21 (lymphs)

94/78

Spinal
cord

Steroid taper

Declined

P08 48/M

Cranial neuropathies

Headache and diplopia

HT

3 (lymphs)

37/73

Lymph
node

Steroid taper (weaned)

Improved

P09 34/M

Parenchymal hemorrhages,
Headache, dizziness, vomiting,
cerebellar syndrome, and meningitis paresthesia, and presyncope

Crohn disease

68 (lymph)

95/50

Lymph
node

Already on steroids and vedolizumab for Crohn

Improved

P10 42/M

Pachymeningitis

—

1

17/65

Brain

None

Improved

P11 68/F

Cranial neuropathies and meningitis Diplopia, vertigo, gait
disturbance, and paresthesias

HT

50 (histiocytes)

116/22

None

INX

Stable

P12 57/M

Cranial neuropathies and basal
meningitis

Hearing loss, vertigo, gait
disturbance, paresthesias, and
choreoathetotic movements

DM-2 and HT

35 (lymphs)

107/23

Lung

Steroid taper (weaned)
AZA + INX (ongoing)

Stable

P13 33/M

Meningitis

Headache, vertigo, vomiting, and —
encephalopathy

High with
lymphs (value
not available)

High/low
(value not
available)

Lymph
node

Steroid taper (ongoing)
Trial of INX (stopped due to transaminitis)

Improved

Headache

Improved

Abbreviations: AZA = azathioprine; CAD = coronary artery disease; DM-2 = type 2 diabetes; HL = hyperlipidemia; HT = hypertension; INX = infliximab; MMF = mycophenolate mofetil; MTX = methotrexate; NT = not tested; RTX =
rituximab.

Figure 1 Large Vessel Involvement in Neurosarcoidosis

vessels and may result from primary vascular involvement or
occur secondarily to involvement of surrounding structures.
Although our study noted various imaging ﬁndings suggestive
of vascular involvement, it is noteworthy that most of these
studies were performed on patients who were already on
treatment and clinically improved. That patients with positive
VWI ﬁndings tended to have more imaging abnormalities
overall may imply that these patients have more extensive
disease. It is also possible that the prevalence of vascular involvement may be even higher in patients with NS who are
treatment naive.
Involvement of the larger intracranial internal carotid artery
vessels is generally considered rare and may not translate into
ischemic strokes.5 As such, the occurrence of lacunar strokes is
much more common in NS compared with territorial
infarcts.4,5,16,17 As noted in P12, large vessel involvement may
also be seen with leptomeningitis secondarily involving the
vessel wall. In our cases with vessel wall enhancement, there
was no intraluminal thrombus, signiﬁcant stenosis, or presence of larger infarcts in the involved vascular territory. This
may also help explain why thrombotic complications with
large vessel involvement are not common in NS.
Arterial perforator involvement at the level of basal ganglia was
relatively common in our cohort. Unlike patients with small
vessel disease related to stroke or chronic hypertension, we
noted increased tortuosity of the perforator vessels.18,19 Tortuous lenticulostriate perforators may be seen with increasing
age or in patients with subcortical vascular dementia.20,21
However, the involvement of perforator vessels was seen in
about 46% (6/13) of our patients and is therefore unlikely to be
a chance ﬁnding or simply related to age. It is pertinent to point
here that one of these patients had a lacunar infarct, whereas
another had a microhemorrhage in the basal ganglia region.

Postcontrast T1W sagittal images (A and B) and axial multiplanar reconstruction
vessel wall image (C) from 3 different patients (P04, 05, and P12, respectively)
showing enhancement of the right middle cerebral artery (arrows in A and B), as
well as the left middle cerebral artery (short arrow in C), right basilar tip and
posterior cerebral artery (arrow in C).

Neurology.org/NN

Involvement of the medullary veins was seen in 38% of cases.
This is similar to the previously reported prevalence of
medullary venous involvement of about 33% in NS.10 In all
cases, ﬁndings were seen both on VWI-MRI and SWI, with
the ﬁndings appearing more apparent on the SWI sequences.
It is possible that SWI ﬁndings may reﬂect both a combination
of slow ﬂow and underlying vascular tortuosity secondary to
wall involvement. Because the T1 SPACE primarily captures
the anatomic distortion/tortuosity and not the contributory
eﬀect of deoxygenated blood or slow ﬂow, it likely only reﬂects part of the underlying pathologic process. It is therefore
possible that the T1WI images likely only reﬂect the permanent vessel injury. Nevertheless, the discordance between the
SWI and T1-SPACE images may be relevant in terms of underlying pathophysiologic eﬀects and needs to be compared
against age-matched healthy controls to better deﬁne their
clinical relevance.
All cases with medullary venous involvement showed parenchymal microhemorrhages to a variable degree, often in the
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Figure 2 Arterial Perforator Involvement in Neurosarcoidosis

Coronal 3-mm minimum intensity projection T1W
images (A-F) at the level of basal ganglia from 6
different patients (P01, 05, 09, and P12-14) show
both unilateral (A, C, and E) and bilateral (B, D, and
F) involvement of the perforator vessels (white
arrows). Small white arrow in panel C shows a dilated medullary vein.

same region as the venous ﬁndings on SWI suggesting that the
underlying venous involvement could be contributing to the
microhemorrhages. Besides NS, engorged medullary veins
may also be seen with dural sinus thrombosis or ﬁstula. A prior
study noted mild paucity of cortical veins in patients with NS,
although the diﬀerence was not statistically signiﬁcant.10
However, they used postcontrast magnetization-prepared
rapid acquisition with gradient echo images for assessment of
the cortical veins. Because our study used a diﬀerent imaging
sequence, the cortical veins could not be assessed.

Involvement of the longitudinal and transverse caudate veins
tended to follow a similar distribution and was seen in all
patients with medullary venous involvement. In addition, 1
patient had isolated involvement of the caudate veins. Imaging
assessment of the deep cerebral veins, sagittal sinuses, and
cortical veins was, however, more technically complicated,
partly due to a component of physiologic variability in venous
anatomy and partly due to ﬂow artifacts from slow ﬂow. Although some patients with parenchymal venous involvement
had prominent signal along the cortical veins, underlying ﬂow

Figure 3 Venous Involvement in Neurosarcoidosis

AxialT1W (A, C, E, and I) and sagittal (G) 2.4-mm MinIP T1W images with corresponding SWI images (B, D, F, H, and J) from the same patients (P01, 03, 09, 11, and 14).
There is dilatation of medullary veins, which can be both symmetric and asymmetric. This is visible on both the T1W and SWIs but is more conspicuous on the latter.
Vertically oriented veins in panel G (white arrow) correspond to the white arrow panel H. MinIP = minimum intensity projection; SWI = susceptibility-weighted imaging.
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Table 2 Imaging Findings at Presentation and VWI Findings at Follow-up Study for All Patients With Neurosarcoidosis
VWI findings on follow-up MRI
Patient
ID

Conventional imaging
findings at presentation

Large vessel
involvement

LSP
Medullary vein
involvement involvement

Caudate vein
involvement

Chronic
Microhemorrhages infarcts

P01

HPA, CNE, LME, and EE

−

+

+

+

+

−

P02

NEWM and CNE

−

−

−

−

−

−

P03

PGE, PVE, NEWM, CNE, LME,
and PME

−

−

+

+

+

−

P04

PGE, NEWM, CNE, and LME

+

−

−

−

+

+

P05

PGE, PVE, NEWM, and EE

+

+

−

−

+

+

P06

NEWM and LME

−

−

−

−

−

+

P07

NEWM, EE, LME, and PME

−

−

−

−

+

−

P08

PME

−

−

−

−

−

−

P09

EE, CNE, and LME

−

+

+

+

+

−

P10

LME and PME

−

−

+

+

−

−

P11

NEWM, CNE, and LME

+

+

−

+

+

−

P12

NEWM, CNE, and LME

−

+

−

−

−

−

P13

NEWM, HPA, EE, LME, CNE,
PME, and HC

−

+

+

+

−

+

Abbreviations: +/− = present/absent; CNE = cranial nerve enhancement; EE = ependymal enhancement; HC = hydrocephalus; LME = leptomeningeal
enhancement; LSP = lenticulostriate perforator; NEWM = nonenhancing white matter; PGE = parenchymal granulomatous enhancement; PME = pachymeningeal enhancement; PVE = perivascular enhancement; VWI = vessel wall imaging.

artifact or anatomical variation could not be excluded with
certainty. Their assessment was therefore not included in the
analysis.
Our study, although performed on a small patient cohort, provides insights into the spectrum of vascular involvement in patients with NS using dedicated VWI-MRI. Our ﬁndings support
prior observations that cerebrovascular manifestations are likely
more common than previously realized and involve both arterial
and venous structures, similar to primary angiitis of the CNS.5,7
This is also supported by the review of brain histopathology
slides, which were available in 6/13 patients with NS.
Our ﬁndings are also concordant with previously reported
autopsy literature. Delaney et al.,22 for example, reviewed brain
autopsy cases in 14 patients with NS and noted subclinical
infarctions in 9 cases. Presence of infarcts and hemorrhage on
autopsy studies in NS has also been reported in multiple prior
case reports.5,7,23 Our ﬁndings are also similar to the reported
autopsy literature in terms of distribution of involvement of
vessels.23,24 For example, among arterial structures, involvement of the small arterial perforators is reportedly most
frequent. In terms of venous involvement, granulomatous
phlebitis has been most frequently noted in the paraventricular
veins along the lateral and third ventricles. This is similar to our
observations where involvement of either or both these vessels
was seen in 8/14 cases (57%). Systemic vasculitis associated
Neurology.org/NN

with sarcoidosis has been previously reported.25,26 More recent
sporadic case reports have also noted CNS vasculitis on conventional angiography or VWI, albeit in patients presenting
with stroke.27,28 Our study, however, documents the extent and
distribution of vascular abnormalities in patients with NS
without a distinct stroke-like syndrome.
The imaging ﬁndings described here are not necessarily speciﬁc to NS and may be seen with other intracranial pathologies and vasculitides, although it is possible that when
combined with the constellation of other ﬁndings (e.g.,
meningitis, white matter lesions, and cranial nerve involvement), they may be more indicative of NS than primary
angiitis of the central nervous system or infectious/
inﬂammatory vasculitis. The emphasis of the current work
is to highlight that these imaging ﬁndings in NS exist and are
more common than previously recognized.
Finally, given that 9/13 (69%) patients had some evidence of
vascular involvement, our ﬁndings would support having a
dedicated imaging protocol for patients with NS that can
capture these abnormalities. The sequences that we found most
useful in the analysis included 3D T1W black-blood fast-spin
echo imaging sequences using variable ﬂip-angle refocusing
pulse. These are available under diﬀerent names across vendors,
such as SPACE (Siemens, Erlangen, Germany); volume isotropic turbo spin echo acquisition; Philips Healthcare, Best,
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The Netherlands; and CUBE (GE Healthcare, Milwaukee,
Wisconsin).13 In addition, we used SWI that is again available
under diﬀerent names across vendors (SWI for Siemens;
susceptibility-weighted angiography for GE and SWI phase for
Philips). Including other routine sequences such as FLAIR, T2WI, and diﬀusion-weighted imaging, our study protocol had a
cumulative time of 30–35 minutes, which is a clinically reasonable time frame and should be easily adaptable in the clinical
workﬂow. An important point is the need for the scans to be
acquired at a higher magnet strength (such as 3T), given the
requirement for higher spatial resolution.
Limitations of our study include the small sample size and absence of a control group which restricted a more detailed analysis
between individual imaging manifestations and clinical features.
However, our current work presents a preliminary study evaluating the spectrum of imaging ﬁndings in a rare disease. The
mean cardiovascular risk factors in our study were 1.3 per patient,
and their confounding eﬀects on large vessel enhancement or
NEWM remain unaddressed. A prior study previously reported a
prevalence of about 39% for NEWM changes in healthy subjects
who had mean cardiovascular risk factors of 1.04.29 In addition,
because a number of patients were clinically improved and on
therapy, the prevalence of PVE on VWI is likely underestimated
in the current cohort. PVE has been shown to be signiﬁcantly
associated with cerebrovascular events in NS, and it is possible
that their assessment in treatment-naive patients may provide
additional insights in the frequency of vascular involvement.4
Finally, we used black-blood imaging with a voxel size of
0.63 mm3. Although it provides much better resolution than
routine clinical imaging, a voxel size of 0.5 mm3 would be more
optimal for ﬂow suppression and vessel wall characterization.
In conclusion, involvement of intracranial arterial and venous
vessels in NS is more common than previously considered.
Our preliminary work outlines the spectrum of imaging
ﬁndings and their distribution. It is possible, given the high
prevalence, that these ﬁndings may be useful in diﬀerentiating
NS from other neuroinﬂammatory disorders like multiple
sclerosis and neuromyelitis optica spectrum disorders where
vascular involvement is not well documented. Finally, our
work would support having a dedicated VWI protocol to
evaluate patients with NS to better understand the evolution
of these ﬁndings with therapy.
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